from increased herbaceous growth associated with canopy opening. Larvae of many elaterids (Johnson 2002) and some hoverflies of the subfamily Eristalinae (Vockeroth 1992 ) inhabit decaying wood. Their response to logging may depend on the availability of amounts, sizes and decay states of the standing and fallen trees remaining after each phase of the logging cycle. Soil-inhabiting elaterid larvae and ground-nesting bees may be affected by changes in vegetation, litter composition and depth, microclimate, and soil disturbance (Penev 1992; Sugar et al. 1998) . Disturbance caused by construction of sand logging roads may result in greater colonization by psammophilous bees and elaterids in a previously unsuitable forest stand (Cane 1991) .
We studied the impact of selection cutting on these non-target invertebrates in Algonquin Park, Ontario. We predicted positive density responses for all three groups, either as a result of an increase in spring flora, or other changes associated with logging. We also predicted that the presence of insects that visit flowers would extend later into the growing season in logged forests than in unlogged stands because of the greater amount of light penetrating to the forest floor throughout the spring and summer seasons. We tested these predictions by comparing these insect communities in stands cut 6 months to 3 years before our sampling, 15-20 years before, and in stands that have not been subjected to logging for at least 40 years.
Study Area and Methods
The study was conducted in the summers of 1997 and 1998 in Algonquin Provincial Park, Ontario (42°32'N, 78°36'W), as part of a larger study that was examining impacts of logging on birds (Jobes et al. 2004 ) and ground beetles (Carabidae: Vance and Nol 2003) . Forest stands were chosen randomly (within the constraint that they be within 500 m of road access) in wilderness designated zones (Algonquin Park Management Plan 2000) , last logged at least 40 years prior to survey), old logged (15-20 years post cutting), and recently logged (6 months -3 years post cutting) areas. Canopy cover (estimated in July) ranged from 60-70% in the wilderness zone to 25-35% in old cut and recently cut stands, and was significantly higher in the wilderness zone stands than in both the old logged and recently-cut stands (Jobes et al. 2004 ). Other vegetation differences included a significant increase in vegetation under 2 m and percent logging residue cover (mostly tops of trees) in the recently cut stands over that in the other two treatments, and a significant increase in stem densities and saplings (2-5 m) and subcanopy (5-10 m) vegetation in the old logged treatments as compared to the other two (Jobes et al. 2004) .
In 1997, we used a single Malaise trap set on a ridge in one stand of each of the recently logged and wilderness zone treatments. It was emptied at 1-week intervals every other week from May to August. Thus, we had no replication of stands for this year. In 1998, we set yellow pan traps (21 cm 2 × 5 cm depth) filled with water to a depth of 2-3 cm, and a small amount of detergent in a total of 18 stands. These traps were set, within stands, at 100 m intervals at permanent markers. We sampled eight stands in the wilderness zone, seven in the recently logged areas, and three in the old logged areas. Stands were separated by a minimum of 200 m, but most stands were separated by > 3 km, in stands consisting of at least 75% upland deciduous forest (Vance and Nol 2003) so we assumed that they were spatially independent. Each stand contained a minimum of three traps. The sampling was uneven in the treatments because of accessibility of stands and because two of the initial old logged treatments were logged in the winter of 1997-1998. These traps were set from early May to late August, and emptied weekly for three weeks in early, mid, and late summer periods, for a total of nine trapping weeks. There were 69 incidents of trap disturbance by mammals.
Pitfall traps were used to obtain activity-density estimates for click beetles (Baars 1979) . Pitfalls were constructed using 1 litre plastic 11.5 cm diameter containers lined with 500 mL plastic containers of the same diameter (Spence and Niemelä 1994) . The traps were dug into the ground so that the top of the upper container was level with or slightly below the surface of the soil. Each trap was filled with approximately 300 ml of water, with a few drops of dish soap added to reduce surface tension. Two pitfall traps were set at 4 m to each side of the permanent stand markers, at the same intervals as the pan traps. In 1997, pitfalls were set for one week in each of May through August for a total of four weeks. In 1998, pitfalls were set for the same periods as the pan traps. A small number of traps (5%) were disturbed in all treatments All invertebrates were sorted initially to class, and all but insects were discarded. Insects of the three target groups were then sorted and identified with the use of keys by Becker (1956 Becker ( , 1974 ; Brown (1934) ; Coovert and Thompson (1977) ; Curran (1921 Curran ( , 1922 Curran ( , 1925 Curran ( , 1934 Curran ( , 1941 ; Curran and Fluke (1926) ; Dietrich (1945) ; Fluke and Hull (1945) ; Fluke and Weems (1956) ; Hull and Fluke (1950) ; Michener et al. 1994; Mitchell (1960) ; Shannon (1939) ; Telford (1970) ; Vockeroth and Thompson (1981); and Vockeroth (1992) . Voucher specimens are deposited in the Canadian National Collection of Insects and Arthropods, Agriculture and Agri-food Canada, Ottawa.
As we began sampling in all treatments at the same time, we used the dates (1998 only) on which the target groups were captured as independent samples, for our comparisons of phenology. These data were highly skewed so we used the Kruskal-Wallis ANOVA to test for significance among treatments. We were unable to use stands as sampling units for any statistical comparisons because capture rates were too low. Thus, we tested for significant differences among treatments in species and numbers of individuals trapped, using chisquare tests, with proportion of total trapping effort among treatments used to calculate expected numbers. We report standardized residuals ((ObservedExpected)/ √Expected) and their direction to show which treatment had greater or less than the numbers of individuals or species than expected based on our sampling effort (Quinn and Keough 2002) . For pitfalls and pan traps we usually caught single individuals of the target species and these were spread across a range of stands within that treatment, so that the assumption of independence for this statistical test was probably not violated (i.e., the samples are not biased by many individuals caught in one particular stand and treatment except in cases where noted below). Given the low capture rate for any of our target groups we did not calculate or analyse patterns of diversity.
To assess spring ephemeral abundance, we counted, in 1 m 2 quadrats placed 5 m to the side of pitfall and pan trap locations, all visible stems of spring-blooming forb species during the first sampling period in May 1998, before canopy leaf emergence.
Results
Each of the three target groups had substantially higher captures per unit effort (combining sample across all stands per treatment because of low num-bers captured) in at least one logged treatment than in the wilderness zone treatment (Table 1) .
Syrphids. In both years, with both pan and malaise trapping methods, more species of syrphids were caught in logged than in unlogged landscapes (Table 2) . In 1997, eight species were found in wilderness zone malaise traps and 25 species were trapped from the recently logged stands with three species in common between the two treatments. As Malaise traps were opened for an equal number of days in the two stands, we calculated expected numbers using the binomial distribution, based on P = 0.5. Significantly more syrphid individuals and species were captured in the Malaise trap set in the recently logged than in the wilderness habitat (Binomial test, species: P < 0.0001, individuals: P < 0.0001). In 1998, using pan trap catches, two species, each consisting of one individual each, were found only in the wilderness zone, whereas nine species were found only in the recently logged landscape. Only six species were found in both years using the two capture techniques. Significantly more individuals were caught in 1998, in the old logged stands than in either the recently logged or wilderness treatments ( Table 2 ), but this result was entirely due to a capture of 17 individuals of the species Melanostoma mellinum on 14 May 1998 in the old logged treatment.
In 1997, we did not begin sampling until late May, after leaf-out in the park. In 1998, there was a strong bias in the collection times for all syrphids, with 16 of 22 collection dates for syrphids (73%) in May, prior to leaf-out. There was, however, no significant difference among treatments in the collection dates of syrphids in 1998 (median sample dates (range): wilderness: 29 May (26 May-6 August), n = 5 trap sample dates; old logged: 21 May (14 May-2 July), n = 4; recently logged: 27 May (9 May-24 June), n = 13, Kruskal-Wallis χ 2 = 4.33, P = 0.11).
Bees. Twelve species of bees were identified, with five of these from wilderness and old logged stands and all twelve in the recently logged stands (Table 3 ). All but four species (excluding Andrena) were halictids. For both number of species and number of individuals the recently logged stands had significantly more bees than expected based on catch effort (Table 3 ). All but 6 of the 57 dates on which we captured bees were in May. Bees were caught at a significantly later date in recently logged stands than in either old logged or wilderness stands (median collection dates (range): wilderness: 10 May (8-20 May), n = 18 trap sample dates; old logged: 9 May (9 May-24 June), n = 13; recently logged: 19 May (9 May-14 July), n = 26, Kruskal-Wallis χ 2 = 13.8, P < 0.001).
Elateridae. In this group of insects, two species, Ctenicera triundulata and C. vulnerata were found only in the wilderness stands, both in very low numbers (Table  4 ). The number of species among treatments did not deviate from expected using the pan trap data but was marginally higher than expected in the old logged treatment using the combined 1997/1998 pitfall data (combined years due to small sample sizes, χ 2 = 5.89, P < 0.06).
Numbers of individual click beetles were significantly higher in the old logged habitat, and significantly lower in the wilderness zone than expected based on catch effort, using pan traps and pitfall traps (Table 4) .
Elaterids were collected in 1998 from pan traps at significantly later dates in old logged and recently logged stands than in wilderness zone stands (median date (range); wilderness zone: 13 May (8 May-5 June), n = 9; old logged: 28 May (8 May-9 July), n = 23; recently logged: 19 May (9 May-2 July), n = 23; Kruskal-Wallis χ 2 = 7.6, P = 0.02). Using 1998 pitfall data, elaterids were sampled significantly later in recently logged stands than in the other two treatments (wilderness zone: 17 May (13 May-4 August), n = 20; old logged: 17 May (14 May-3 July, n = 22; recently logged: 24 June (12 May-24 June), n = 9; KruskalWallis χ 2 = 6.34, P = 0.04). The 1997 elaterid data were too sparse for analysis.
Spring ephemerals. We recorded 15 species of spring ephemerals in our quadrats (1998 only). The numbers of ephemerals found in all of the stands were extremely variable (cv's range from 156-165%). Although the mean number of stems in the recently logged stands was more than twice as large as this number in wilderness zones, there was no significant difference among treatments (recently logged: 59.7 ± 16.7 / m 2 , n = 23 plots; old logged: 46.5 ± 22.1 / m 2 , n = 13 plots; wilderness zone: 26.5 ± 18.8 / m 2 , n = 18 plots; F 2, 51 = 0.88, n.s.).
Discussion
Our results suggest that all three of groups of flowervisiting insects were more abundant in one of the logged habitat types than in the wilderness zone. This suggests that these insect groups were positively affected by single-tree selection harvesting as it is practised recently and/or how it was practised in the 1970s, when the selection cuts were heavier than is currently acceptable (Algonquin Forestry Authority, unpublished). This result is not explained simply by greater numbers of spring ephemerals, as, at least with our sampling methodology, we found no significant difference among treatments in the availability of flowers measured prior to leaf-out. Differences were apparent in number of individual insects, but, in general, not in insect species richness, except in the case of the Malaise traps set in 1997, where both numbers of individuals and species richness were higher in collections from the trap in the recently logged stand. Given that this result is for one trap only in each treatment, this result should be viewed cautiously.
As many larval syrphids prey on Homoptera in herbaceous vegetation and many adults feed on nectar sources in this vegetation, the presence of much higher percent cover of herbaceous or soft woody vegetation (37 to 43% in old logged and wilderness stands respectively, to 78% in recently logged stands, particularly Rubus idaeus L. var. strigosus (Michx), Jobes 1999) could explain the significant increase in syrphid abundance that we found through Malaise trapping. An apparent increase also was noted in our pan trapping results but not established statistically because of the generally poor success of this method for capturing syrphids in any of our stands. A similar positive numerical response in syrphids (also not tested statistically) was found in Poland's polluted spruce forests, as an apparent result of drastic reductions in canopy cover and greater herbaceous and grass undergrowth (Kula 1997) . Some species of at least two genera of hoverflies that were found in the wilderness zone (Melanostoma and Platycheirus) specialize on graminoid and other anemophilous pollen, enabling them to be active later into the spring/summer when graminoids typically flower (Vockeroth 1992; Gilbert 1993) . However, none of the species captured is restricted to flying in the spring.
Bees, like syrphids, were most abundant in the recently logged areas. Unlike syrphids, larval bees are fed pollen and thus are more wholly dependent on floral resources. Some bees also may be affected by the availability of open flight paths present in the open understory of the recently logged treatments, to make pollen-gathering trips for brood provisioning, although the effects of forest habitat on bee movement is probably species-specific, and for many species these movement patterns are unknown (Kreyer et al. 2004 ). Woodland and edge ground nesting bees (the majority of the species caught in the recently logged stands) are thought to benefit from patches of disturbed habitat associated with habitat fragmentation (Cane 1991) and thus, may benefit from the building of sand logging roads. Halictid bees can be major components of pollinator communities in other forest types (Pascarella 1997) . Their role in northern hardwood forests has not been adequately assessed. Elaterids were most abundant in the old logged habitats, using two methods of sampling, indicating positive responses to the much higher cover of the sapling (2-10 m) layers found in this treatment (Jobes et al. 2004) . The most abundant species, Selatosomus pulcher, has been trapped in open field habitats (Boiteau et al. 2000) . This species is morphologically nearly indistinguishable from the European species C. cruciatus, a species whose larvae develop in the sandy and moist soils in forest and forest edge (Leseigneur 1972) . The higher abundance of elaterids in the old logged treatment areas may be due largely to this species' positive response to the edge-like conditions present in this treatment. The lower numbers of elaterids in the recently logged stands may indicate the absence of colonization because of the short time frame. Analagous results are suggested in a study of herbaceous plants in recently logged White Pine (Pinus strobus) stands in Algonquin. Plants in those stands were most similar to plants in unlogged stands presumably because there had been insufficient time for changes in community assemblages after the logging (Kingsley 1998) .
As little is known about the role of adult food availability in the distribution of elaterids, the near significant positive effect on species richness may also be due to the greater availability of soil invertebrates or plant material suitable for larval food produced by a four-fold increase in the number of stumps in old logged versus either wilderness or recently logged stands (Jobes 1999) .
Of the two elaterids caught only in the wilderness treatment, only one may be an old growth dependant species. Ctenicera vulnerata (1 specimen caught) has rarely been collected, and has not been reported previously from Ontario. The other, Ctenicera triundulata (2 specimens) cannot be considered old growth-restricted, as it has been collected in moderate numbers in an apparently healthy spruce (Picea sp.) in an old field by HD.
We found very few bees, syrphids or click beetles in our samples from the wilderness zone stands, although we expected to find some, at least early in the season when the canopy had not yet leafed out or of species that utilized downed woody debris (e.g., Chalcosyrphus, Xylota, Brachyopa) . The reason for their paucity in the wilderness zone is unclear but deserves further study.
The numerical increase and changes in phenology of flower-associated insect species suggests the potential for greater pollinator efficiency in logged forests, and hence greater reproductive success, through greater seed set of flowers. A more detailed examination of species-specific patterns of habitat use by pollinators and their functional role in hardwood forests is worthy of future research (e.g., Sheffield et al. 2003; Kreyer et al. 2004 ).
